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Abstract
Evidence suggests a small beneficial effect of dietary protein on blood pressure (BP), especially for plant protein. We examined the
relationship between several types of dietary protein (total, plant, animal, dairy, meat and grain) and the risk of hypertension in a general
population of 3588 Dutch adults, aged 26–65 years, who were free of hypertension at baseline. Measurements were done at baseline and
after 5 and 10 years of follow-up. Hazard ratios (HR), with 95 % CI, for incident hypertension were obtained in tertiles of energy-adjusted
protein, using time-dependent Cox regression models. Models were adjusted for age, sex, BMI, education, smoking, baseline systolic BP,
dietary confounders and protein from other sources (if applicable). Mean BP was 118/76 mmHg at baseline. Protein intake was 85
(SD 22) g/d (approximately 15 % of energy) with 62 % originating from animal sources. The main sources of protein were dairy products
(28 %), meat (24 %) and grain (19 %). During the follow-up, 1568 new cases of hypertension were identified (44 % of the participants).
Energy-adjusted intake of total protein, plant protein and animal protein was not significantly associated with hypertension risk (all
HR approximately 1·00, P.0·60). Protein from grain showed a significant inverse association with incident hypertension, with a HR of
0·85 (95 % CI 0·73, 1·00, Ptrend ¼ 0·04) for the upper tertile ($18 g/d) v. the lower tertile (,14 g/d), whereas dairy protein and meat pro-
tein were not associated with incident hypertension. In conclusion, higher intake of grain protein may contribute to the prevention of
hypertension, which warrants confirmation in other population-based studies and randomised controlled trials.
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Health authorities emphasise the importance of dietary and
lifestyle factors for the prevention of hypertension, which is
a strong risk factor for CVD(1). Even small effects of these diet-
ary and lifestyle factors on blood pressure (BP) can have great
public health impact. It has been estimated that a reduction
in systolic BP of only 2 mmHg may already result in a 6 %
reduction in fatal stroke and a 4 % reduction in fatal CHD(2).
Dietary and lifestyle recommendations include physical
activity, maintenance of a healthy body weight, reduced salt
intake and moderation of alcohol consumption(2,3). More
recently, interest has grown into the influence of dietary
patterns and macronutrient intakes on BP(4,5).
A substantial body of evidence suggests a, possibly weak,
beneficial effect of protein on BP, although findings are not
conclusive(6,7). An important study in this respect is the large
INTERSALT study (INTERnational study on SALT and blood
pressure) in 10 020 adults from thirty-two countries, in which
a significant 0·5 mmHg lower systolic BP was observed with
each gram of 24 h urinary N (mean N excretion of 9·95 (SD
3·11)g), as a biomarker for total protein intake(8). This inverse
association was confirmed by results of the OmniHeart ran-
domised cross-over trial, in which the systolic BP of 164
healthy US adults decreased 1·4 mmHg more after a 6-week
high-protein diet compared with a diet high in carbo-
hydrates(5). However, no difference in BP change was found
compared with a diet high in monounsaturated fat.
Protein intake is a rather heterogeneous exposure and
specific types of protein (i.e. animal, plant) or protein from
specific sources (e.g. dairy products, meat, grain) may differen-
tially influence BP. In several observational studies(9–15), the
association with BP was investigated separately for plant pro-
tein and animal protein. Results were inconclusive, although
there was a trend to a slightly more beneficial effect of
plant protein on BP. In a prospective cohort study among
810 untreated pre- or mild hypertensives aged 25–79 years
(PREMIER), the risk for developing hypertension was 21 %
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lower per percentage of energy (en%) of plant protein intake,
whereas for animal protein, no association was observed(13).
Also in a prospective cohort study among 5880 Hispanics
(SUN (Seguimento Universidad de Navarra) cohort), a 50 %
reduction in hypertension risk with a high intake of plant pro-
tein was observed in the highest quintile compared with the
lowest quintile, whereas intake of animal protein did not influ-
ence hypertension risk(10). So far, data on specific protein sources
in relation to BP are scarce. In a previous analysis in the
Rotterdam Study, including 2241 Dutch adults aged $55 years,
we found no clear associations between protein from different
dietary sources and 6-year incidence of hypertension(15).
In the present analysis, we examined whether total protein
intake and intake of plant and animal protein were associated
with the risk of hypertension during 10 years of follow-up in a
more general Dutch population-based cohort of 3588 adults,
aged 26–65 years. In The Netherlands, approximately two-
thirds of dietary protein is from animal origin with the main
sources being dairy products and meat, whereas plant protein
is mainly obtained from grains(16). We also analysed the
associations for these protein sources.
Methods
Design and study population
We used data from the ongoing prospective Doetinchem cohort
study, which has been described in detail elsewhere(17). In
brief, 12 405 volunteers, aged 26–65 years, were examined
between 1987 and 1991. A sample of these respondents (n
6386) was invited for follow-up examination in 1993–7,
1998–2002 and 2003–7. An extensive FFQ was implemented
from 1993 onwards. The Medical Ethics Committee of The
Netherlands Organization for Applied Scientific Research
approved the study protocol of the Doetinchem Cohort Study
and all participants signed the informed consent form.
In 1993 (subsequently referred to as ‘baseline’), 6113 partici-
pants underwent physical examination, and BP measurements
were obtained from 6100 participants. We excluded 1652
participants (27 %) with prevalent hypertension, defined as
BP$140/90 mmHg and/or use of antihypertensive medication.
Furthermore, we excluded 732 participants without infor-
mation on hypertension status during both follow-up measure-
ments. Finally, we excluded 128 participants with a history of
CVD, self-reported diabetes at baseline, because of pregnancy
at baseline or during the follow-up, or because of missing diet-
ary data, leaving 3588 participants for the present analysis.
Dietary assessment
Dietary intake was assessed at baseline and during both
follow-up measurements using a self-administered semi-
quantitative FFQ, developed for the international European
Prospective Investigation into Cancer and Nutrition (EPIC)
study, on 178 foods and beverages consumed during the pre-
ceding year(18). Coloured photographs were used to facilitate
the estimation of portion sizes, and seasonal variation in
food intake was taken into account. Total energy and nutrient
intakes were calculated using an extended version of the
Dutch Food Composition Table of 1996(19).
Animal protein was defined as protein from dairy products,
meat, fish, eggs, and animal protein from mixed dishes. Plant pro-
tein included protein from soya, nuts, grains, fruits, vegetables,
legumes, and plant protein from mixed dishes. Dairy protein was
calculated as protein from milk, yogurt, coffee creamer, curd, pud-
ding, porridge, custard,whipped cream andcheese, andmeat pro-
tein included protein from all meat, meat products and poultry.
Grain protein was defined as protein from rice, bread, pasta and
plant protein in grain-containing bakery products.
The FFQ was validated in sixty-three men and fifty-eight
women, and Pearson’s correlation coefficients of 0·73 in men
and 0·70 in women were found for reproducibility of energy-
adjusted total protein intake(20). Additionally, the relative
validity of the FFQ was assessed against twelve monthly
24 h recalls over a 1-year period. Pearson’s correlation coeffi-
cients for energy-adjusted protein intake after correction for
intra-individual variation were 0·71 for men and 0·67 for
women(20). The correlation coefficients with urinary N
excretion in four 24 h urine samples at 3-month intervals
were 0·56 for men and 0·69 for women, although data
suggested a slight underestimation of protein intake by the
FFQ (mean percentage of underestimation: 7 % for men and
12 % for women)(20). For types and sources of protein (e.g.
from plant, animal, dairy products, grain), the FFQ was not
validated. However, correlations with 24 h recalls were good
for milk and milk products (rmen 0·69; rwomen 0·77) and
bread (rmen 0·76; rwomen 0·78), whereas correlations for meat
were lower, especially for men (rmen 0·39; rwomen 0·59)
(18).
Blood pressure
BP was measured by a trained technician using a random-zero
sphygmomanometer, with the participants in the sitting pos-
ition. Systolic BP was recorded at the appearance of sounds
(first-phase Korotkoff), and diastolic BP was recorded at the
disappearance of sounds (fifth-phase Korotkoff). BP was
measured twice, separated by a pulse count. The mean of
two measurements was used for data analysis. During physical
examination, regular audits were performed to check adher-
ence to the BP-measuring protocol (e.g. resting time, adequate
cuff size). Hypertension was defined as systolic BP at least
140 mmHg or diastolic BP at least 90 mmHg or use of anti-
hypertensive medication.
Assessment of potential confounders
Information on potential confounders was collected at base-
line and during both follow-up examinations. Body weight
(to the nearest 0·1 kg) and height (to the nearest 0·5 cm)
were measured with participants wearing light indoor clothing
without shoes, and BMI (kg/m2) was calculated. Data on age,
sex, education, lifestyle factors, history of major diseases,
medication use and any prescribed diets were collected
using questionnaires. An extensive questionnaire on physical
activity was introduced in 1994 and was completed by 2936
participants (81 %). Questionnaire data were used to create

















variables on alcohol intake (none, moderate and high), smok-
ing status (current smoker/non-smoker), educational level
(three categories) and physical activity (four categories, rang-
ing from inactive to very active(21)).
Statistical analysis
Intake of total protein and different types of protein was first
adjusted for total energy intake according to the residual
method(22). Baseline characteristics of the study population
across tertiles of energy-adjusted total protein intake are pre-
sented as means and standard deviations, percentages or
medians with interquartile ranges.
We used time-dependent Cox regression models to calculate
hazard ratios (HR) with 95 % CI for the association between
dietary protein intake and 10-year incidence of hypertension.
We defined the exposure as the cumulative average energy-
adjusted protein intake to reduce measurement error and to
estimate long-term intake. P for trend was estimated by
modelling the median intake of baseline tertiles.
For the participants who did not develop hypertension
during the follow-up, we computed survival time as years
from baseline to the end of the study period (i.e. 10-year
examination visit) or until the end of the follow-up. For the
participants who developed hypertension, we attributed 2·5
years of follow-up if hypertension was present at the 5-year
examination visit, and 7·5 years of follow-up if hypertension
was present at the 10-year examination visit.
The basic model (model 1) included age and sex. In
model 2, we further adjusted for BMI, educational level,
smoking, alcohol use and baseline systolic BP. The full
model (model 3) additionally included daily intake of total
energy, SFA, PUFA, carbohydrates, fibre, Ca, Mg and K, and
protein intake from other sources than the one under
study, if applicable. Age, sex and lifestyle covariates were
updated for each measurement round. For dietary covariates,
the cumulative average intake was calculated up to each
measurement round. Dietary Ca was strongly correlated
with dairy protein intake (r 0·82). Therefore, we conducted
an additional analysis without Ca in the model to check for
multicollinearity.
To mimic a situation in which dietary protein was
exchanged for dietary carbohydrates, we performed an
additional analysis using the full model (model 3) with
MUFA as an additional covariate instead of carbohydrates.
To investigate whether physical activity confounded the
protein–BP associations, we performed a sensitivity analysis
per 5 g of total, plant and animal protein in the subgroup of
2892 participants (81 %) with complete data on physical
activity, using the full model with and without additional
adjustment for physical activity.
Finally, we performed a number of pre-defined subgroup ana-
lyses for total, plant and animal protein, in the strata of age (,45
and $45 years), sex, overweight status (,25 and $25kg/m2)
and baseline systolic BP (,130 and $130mmHg), using the full
model. Data analysis was performed using SAS version 9.1 (SAS




The mean age of the total study population was 44 (SD 10)
years and 44 % were male. Mean BMI was 25 (SD 3) kg/m2
and 43 % of the participants were overweight or obese (BMI
$25 kg/m2). Baseline BP was 118/76 mmHg. Mean protein
intake was 85 (SD 22) g/d (approximately 15 en%), of which
63 % originated from animal sources. Major sources of
animal protein intake were dairy products (45 % of animal
protein intake) and meat (38 %). Plant protein intake mainly
comprised grain protein (51 %), whereas the next main
sources were potatoes (11 %), vegetables (7 %), fruits (4 %)
and legumes (2 %).
Baseline characteristics and dietary intake of the study popu-
lation according to tertiles of energy-adjusted total protein
intake are shown in Table 1. The percentage of males increased
significantly across tertiles of energy-adjusted protein intake as
well as the number of overweight participants. With regard to
dietary intake, the higher intake of total dietary protein in the
highest tertiles was mainly reflected in differences in animal pro-
tein intake, whereas the intake of plant protein was relatively
constant over tertiles of energy-adjusted total protein intake.
Also, intake of fat and carbohydrates did not differ significantly
across consecutive tertiles, although carbohydrate intake was
somewhat higher in the lowest category of total protein.
The intake of K, Mg and Ca increased significantly across tertiles
of energy-adjusted total protein intake.
Protein intake and incident hypertension
After a mean follow-up time of 7·5 (SD 2·9) years (26 500 person-
years), 1568 new cases of hypertension were identified.
The number of incident hypertension cases in increasing
baseline tertiles of energy-adjusted total protein was, respect-
ively, 57, 58 and 63 per 1000 person-years. Associations between
protein intake and incident hypertension are shown in
Table 2. Intake of total, plant and animal protein was not clearly
associated with incident hypertension, with all fully adjusted
HR being close to 1·00 (all Ptrend . 0·60). When the full model
was adjusted for MUFA instead of carbohydrates, the HR of
upper tertile v. lower tertile were 1·04 (95% CI 0·89, 1·23) for
total protein (Ptrend ¼ 0·62), 0·96 (95% CI 0·79, 1·15) for plant
protein (Ptrend ¼ 0·59) and 1·00 (95% CI 0·84, 1·19) for animal
protein (Ptrend ¼ 0·98).
Within the subgroup of 2892 participants for whom data on
physical activity were available (21 566 person-years), 1217
new cases of hypertension were identified. In this subgroup,
we found identical HR per 5 g of total, plant and animal pro-
tein both with and without additional adjustment for physical
activity (respectively 1·02, 0·97–1·06; 1·01, 0·90–1·13; 1·02,
0·97–1·06). Pre-defined subgroup analyses showed that the
association between protein and hypertension risk did not
vary among strata of age, sex, BMI or baseline BP (all P for
interaction .0·15).
When focusing on the main protein sources, intake of dairy
protein and meat protein was not associated with incident
hypertension (Table 2). Sensitivity analysis excluding dietary

















Ca from the multivariable analysis on dairy protein indicated
some degree of multicollinearity (i.e. the width of the CI slightly
decreased). Leaving Ca out of the model, however, yielded
essentially similar results: HR of the third tertile compared with
the lowest tertile: 0·99, 0·84–1·17. Intake of grain protein
showed a significant 15 % lower risk of hypertension in the
upper tertile compared with the lowest tertile (multivariate HR
0·85, 95 % CI 0·73, 1·00; Ptrend ¼ 0·04). Other sources of plant
protein (i.e. potatoes, legumes, vegetables and fruits) were not
related to hypertension risk (all P.0·30, data not shown).
Discussion
In this prospective cohort study among 3588 participants with-
out hypertension at baseline, intake of total, plant and animal
protein was not associated with 10-year incidence of hyper-
tension. Also, intake of protein from dairy products and
meat, the main sources of animal protein, was not associated
with hypertension risk. A high intake of grain protein was sig-
nificantly associated with a 15 % lower risk for hypertension.
The present analyses were conducted in a population-based
cohort with repeated measurements of dietary intake and life-
style over 10 years of follow-up(17). Because dietary intake was
assessed three times during the follow-up, we were able to
reduce measurement error and estimate long-term protein
intake by using the cumulative average in time-dependent
Cox models. Extensive data were available on potential con-
founders, although baseline assessment of physical activity
was not performed in participants who were enrolled
before 1994. However, similar protein–BP associations were
obtained with and without adjustment for physical activity in
participants with complete data.
The self-administered FFQ of the present study has
been validated against 24 h dietary recalls and 24 h urine
samples(20). Correlations were good with correlation coeffi-
cients for total protein, plant protein and animal protein
being .0·60, indicating that participants could be adequately
ranked according to their protein intake. The FFQ was not
validated for protein from specific sources, but correlations
for milk and bread, as surrogate markers for dairy and grain
Table 1. Baseline characteristics by baseline tertiles of energy-adjusted total protein intake of 3588 Dutch adults (26–65 years), without hypertension
or use of antihypertensive medication at baseline
(Mean values, standard deviations, medians, interquartile ranges and percentages)
Tertile of energy-adjusted total protein intake
,81 g/d (n 1184) 81–89 g/d (n 1184) .89 g/d (n 1220)
Mean SD en% Mean SD en% Mean SD en% Ptrend
Median intake (g/d) 75 85 95
Age (years) 44 10 44 9 45 10 0·03
Sex
Men (%) 52 56 57 0·02
BMI (kg/m2) 24·4 3·3 24·7 3·1 25·3 3·3 ,0·01
Overweight* (%) 38 43 48 ,0·01
Education
High (%) 19 23 20 0·21
Systolic blood pressure (mmHg) 118·2 10·6 117·6 10·8 117·8 10·3 0·39
Diastolic blood pressure (mmHg) 75·6 7·7 75·7 7·7 75·8 7·6 0·58
Alcohol among consumers (glasses/d†) ,0·01
Median 1·4 1·1 1·0
Interquartile range 0·7–2·9 0·7–2·1 0·6–2·0
Current smokers (%) 38 28 28 ,0·01
Dietary intake
Total energy (kJ/d) 9752 2802 9198 2399 9627 2690 0·27
Total protein (g/d) 75 20 13 82 18 15 98 23 18 ,0·01
Plant protein (g/d) 32 10 6 31 9 6 32 10 6 0·94
Grain protein‡ (g/d) 16 7 3 16 6 3 17 7 3 ,0·01
Animal protein (g/d) 43 13 8 51 12 10 65 16 12 ,0·01
Dairy protein§ (g/d) 18 8 3 22 9 4 32 13 6 ,0·01
Meat proteink (g/d) 17 9 3 20 8 4 24 9 4 ,0·01
Total fat (g/d) 92 31 35 89 28 36 93 31 36 0·57
Saturated fat (g/d) 38 13 14 37 12 15 40 13 15 ,0·01
Monounsaturated fat (g/d) 35 12 13 34 11 14 35 12 13 0·70
Polyunsaturated fat (g/d) 19 7 7 17 6 7 17 7 7 ,0·01
Carbohydrates (g/d) 274 80 48 248 69 46 251 77 44 ,0·01
K (mg/d) 3638 908 3739 796 4171 939 ,0·01
Mg (mg/d) 358 99 367 84 409 103 ,0·01
Ca (mg/d) 936 313 1083 320 1409 471 ,0·01
Fibre (g/d) 25 7 25 6 26 7 ,0·01
en%, percentage of energy.
* BMI $ 25 kg/m2.
† Percentage of alcohol consumers in all tertiles approximately 62 %; alcohol consumption is presented as medians with interquartile ranges because of skewed distribution.
‡ Protein intake from rice, bread, pasta and plant protein in grain-containing bakery products.
§ Protein intake from milk, yogurt, coffee creamer, curd, pudding, porridge, custard, whipped cream and cheese.
kProtein intake from meat, meat products and poultry.

















protein, were good (.0·65). However, correlations for meat
were lower, especially for men (r 0·39)(18). This may have
caused misclassification of participants according to meat
protein intake and, as a consequence, the results for this
type of protein may have been biased towards no association.
To explore the potential influence of protein sources on BP in
future epidemiological studies, identification of biological
markers for intake of protein from specific sources such as
meat could be useful.
A substantial body of evidence suggests a, possibly weak,
beneficial effect of protein on BP, as summarised previously(6).
We adjusted our estimates among others for energy, carbo-
hydrates, SFA and PUFA, and, in this way, we mimicked a
situation in which only intake of protein and MUFA do vary.
However, in the large OmniHeart cross-over feeding trial
among 164 participants, no difference in BP effect was
found after a high-protein diet compared with a high-MUFA
diet, which may explain our lack of result for total protein
and hypertension risk. In contrast, in the OmniHeart study, a
beneficial BP effect was observed after the high-protein diet
compared with a diet high in carbohydrates(5). Therefore, to
mimic the exchange of protein with carbohydrates, we
performed an additional analysis using the full model, with
adjustment for MUFA instead of carbohydrates. However,
this did not essentially change the present results. Further
research is needed to investigate the BP effect after the
exchange of different macronutrients.
Several observational studies have been conducted that
investigated the association with BP separately for plant and
animal protein, showing inconclusive results, although in
some studies, plant protein seemed to be more beneficial
than animal protein. In the present study, we did not observe
a difference between these two types of protein. The discre-
pancy of the present findings with those in the PREMIER
study in which the risk for developing hypertension was
21 % lower per en% of plant protein intake(13) may be found
in the fact that only individuals with elevated BP were
included. Possibly these adults were more sensitive to BP-
lowering effects of plant protein. In the Spanish SUN cohort,
a 50 % risk reduction for hypertension was found for plant
protein(10). However, possibly the distribution of protein
sources between the present study and the SUN cohort was
Table 2. Cumulative average protein intake in relation to 10-year incidence of hypertension in 3588 Dutch adults (25–65 years)*
(Hazard ratios and 95 % confidence intervals)
Model 1† Model 2‡ Model 3§
Hazard ratio
of hypertension 95 % CI
Hazard ratio
of hypertension 95 % CI
Hazard ratio
of hypertension 95 % CI
Total protein (g/d)
, 81 1·00 Ref 1·00 Ref 1·00 Ref
81–89 1·05 0·93, 1·18 1·06 0·93, 1·19 1·00 0·88, 1·15
$ 89 1·16 1·02, 1·31 1·11 0·98, 1·25 1·01 0·85, 1·19
Ptrendk 0·02 0·11 0·93
Plant protein (g/d)
, 30 1·00 Ref 1·00 Ref 1·00 Ref
30–34 0·87 0·77, 0·98 0·91 0·81, 1·03 0·92 0·80, 1·06
$ 34 0·80 0·71, 0·90 0·91 0·80, 1·03 0·96 0·80, 1·16
Ptrendk ,0·01 0·12 0·65
Animal protein (g/d)
, 48 1·00 Ref 1·00 Ref 1·00 Ref
48–57 1·01 0·89, 1·14 0·97 0·85, 1·10 0·90 0·79, 1·03
$ 57 1·23 1·09, 1·39 1·11 0·98, 1·26 0·97 0·81, 1·15
Ptrendk ,0·01 0·08 0·70
Dairy protein (g/d)
, 19 1·00 Ref 1·00 Ref 1·00 Ref
19–27 0·89 0·79, 1·01 0·94 0·83, 1·06 0·91 0·78, 1·05
$ 27 1·01 0·89, 1·14 1·07 0·94, 1·21 1·00 0·81, 1·25
Ptrendk 0·77 0·28 0·97
Meat protein (g/d)
, 17 1·00 Ref 1·00 Ref 1·00 Ref
17–24 1·12 0·99, 1·26 1·01 0·89, 1·14 0·97 0·85, 1·10
$ 24 1·29 1·14, 1·46 1·09 0·95, 1·23 0·99 0·85, 1·16
Ptrendk ,0·01 0·22 0·92
Grain protein (g/d)
, 14 1·00 Ref 1·00 Ref 1·00 Ref
14–18 0·88 0·79, 0·99 0·91 0·81, 1·03 0·91 0·80, 1·03
$ 18 0·76 0·68, 0·87 0·82 0·72, 0·93 0·85 0·73, 1·00
Ptrendk ,0·01 ,0·01 0·04
Ref, reference group.
* All types of protein were energy adjusted according to the residual method(22).
† Adjusted for age and sex.
‡ Additionally adjusted for BMI, educational level, smoking, alcohol use and baseline systolic blood pressure.
§ Additionally adjusted for intake of total energy, SFA, PUFA, carbohydrates, fibre, Ca, Mg, K and (in analyses of protein types) for other protein types.
kPtrend was estimated by modelling the median intake of baseline tertiles.

















different. In Spain, on average, more legumes are eaten, and
residual confounding from isoflavones in soya may play a role.
Evidence on specific sources of protein in relation to BP is
scarce(6). A few observational studies have been conducted
in which urinary taurine was used as a biomarker of dietary
seafood protein, showing inverse associations(23–25). In The
Netherlands, the intake of seafood protein is very low
(approximately 3 % of total protein intake(16)), so we could
not investigate this association in the present study. Further-
more, in two trials, the effect of meat protein on BP was
investigated, but no significant effect was observed. However,
in a previous analysis in the Rotterdam Study, including 2241
Dutch adults aged $55 years, we observed a direct association
of meat protein with the incidence of hypertension in those
aged $70 years(15). In the present analysis, we did not
observe an association between meat protein and hyperten-
sion. However, because of ageing, kidney function in the
elderly of the Rotterdam Study may have been declined(26),
which affects handling of high protein intake, and, conse-
quently, increases the risk of hypertension. The difference
in the results of the Rotterdam Study may, therefore, be
explained by the younger age of the current population.
With high grain protein intake, we observed a significant
15 % reduced hypertension risk. Although the mechanisms
through which protein (sources) may reduce BP are largely
unknown, amino acid composition may play a role. In the
INTERMAP study (INTERnational study of Macronutrients
and Micronutrients and blood Pressure), a 2 SD higher intake
of glutamic acid (4·7 % of total protein) was associated with
1·5 mmHg lower systolic BP and 1·0 mmHg lower diastolic
BP(27). A major contributor to grain protein intake in The
Netherlands is wheat from bread(28), which contains high
levels of glutamic acid (31·4 %(29)). However, we can also not
exclude that residual confounding by healthy dietary and life-
style factors, associated with high grain protein intake, is
responsible for the observed associations in the present study.
In conclusion, a higher intake of grain protein may contrib-
ute to the prevention of hypertension, which warrants confir-
mation in other population-based studies and randomised
controlled trials.
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